The age distribution, and consequently the frequency or percentage incidence, of spontaneous tumors of the mammary gland in mice may be influenced by diet.4 This finding was obtained by the transference of susceptible-to-cancer female mice of the CBA strain from one commercial diet to another at different age periods. That is, it was found that the longer the mice were kept on one commercial diet (Nurishmix) the later in life would cancer develop. This delay in the incidence of tumors was not due to an indirect influence of longevity, since on the diet which gave the lower incidence of tumors the mice actually lived longer. Consequently, the "diet factor" that influences cancer in mice is not a temporary one (such as the "milk factor" of Bittner, said to be effective in preventing cancer in a "genetically determined" susceptible individual if the newborn individual be subjected to the milk of a foster mother for less than 48 hours) but a continuous one. Thus it exerts a continuous influence upon the susceptible-to-cancer individual before birth and, in fact, during the entire life span. Some tendency that leads toward malignancy is received by the individual from the zygote. This tendency is continuously being influenced by environmental agencies, especially the diet and, perhaps, by other agencies not yet known or indicated.
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In order to explain certain phenomena of tissue specificity, genetic susceptibility, and other aspects of cancer, it is convenient to maintain that cancer is the resultant of a peculiar constitution of the individual which gives rise to malignancy. This conception is valid if one assumes that constitution implies not only the specific contribution from the germ plasm but also all the influences from the environment that have exerted an effect on that individual up to the time that malignancy occurs.
It has also been emphasized that states of susceptibility and resistance-to-cancer are determined by quantitative and not qualitative differences.2 This concept is based upon the fact that certain sub-strains of mice characterized by a constant age distribution of cancer and produced by selection following an original hybridization experiment can be continued by a brother-to-sister mating for considerable periods of time. It has been shown that there is a graded sequence of susceptibility to cancer that extends from extremely high susceptibility to nearly complete resistance in the various genetic strains of mice kept under the same environmental conditions. One attempt to investigate certain characteristics of this "constitutional aspect" of cancer susceptibility has already been made. Strong and Werner3 6 showed that there was a very definite correlation between shifts of hemoglobin per unit of time and this propensity to give rise to, or not to give rise to, spontaneous tumors of the mammary gland. This correlation was based upon more than 8,000 hemoglobin determinations on individuals belonging to eight genetic strains of mice. It was also shown that there was a precocious drop in hemoglobin in those individuals which belonged to susceptible-to-cancer strains, as compared to those individuals belonging to more resistant-to-cancer strains. This conclusion has recently been verified by work done in collaboration with Francis. 5 The possible correlation of the shifts of hemoglobin with tumor susceptibility and resistance fulfills the requirement that cancer susceptibility is the resultant of influences that have been functional over a considerable length of the individual's life span, but it fails to provide a specific mechanism by which the terminal stage of specific types of cancer is invariably determined.
The amount of hemoglobin at any given time is the resultant of the new supply pouring into the blood stream and of the destruction due to physiological use. The precocious drop in a susceptible-tocancer individual may have one of two interpretations (1) that hemoglobin is being manufactured in deficient quantities or (2) that it is being used up at too rapid a rate.
If the first interpretation be true, then one may expect to find either a defect in the hematopoietic tissues of the susceptible-to-cancer individual or a differential demand for hemoglobin-forming constituents derived from the diet between the susceptible-to-cancer and the relatively resistant-to-cancer individuals. This problem has not been sufficiently investigated to warrant a conclusion. On the other hand, there is considerable genetic evidence that the second inter-pretation (that hemoglobin is being used up at a too rapid rate, perhaps in localized areas) may be at least partly true. The conception that cancer arises by a process analogous to somatic mutation is based upon considerable, although indirect or circumstantial, evidence. It is also possible that temperature changes and other alterations that have an effect on the oxidation-reduction systems of the body as well as on intrinsic or genetic changes within the cells of the body may also influence the process of somatic mutation. Thus, it is not beyond the realm of probability that the oxidation-reduction phenomena of the cells of the body may be involved in the intrinsic changes from a normal to a malignant cell.
It has been shown that heptyl aldehyde, when administered in the diet, will bring about liquefaction changes in spontaneous tumors of the mammary gland in mice. This liquefaction change is a retrogressive phenomenon, since, in some mice, complete regression of the spontaneous tumor is brought about. It is also known, that as soon as heptyl aldehyde undergoes oxidation it immediately loses its capacity to bring about the liquefaction phenomenon in spontaneous tumors. Consequently, the task of getting heptyl aldehyde into the body in its original condition has been undertaken. There appear to be at least two possibilities of doing this. -In the first place, the heptyl aldehyde may be combined with another chemical (such as sodium bisulfite), the resulting addition compound gradually giving up its heptyl aldehyde in the tissues of the body. In the second place, the heptyl aldehyde may be protected against oxidation by the presence of some anti-oxidant. Both of these suggestions are under investigation and the data obtained will be published later.
One of the anti-oxidants used in the above investigation is salicylic aldehyde. This particular anti-oxidant was selected since data on its own oxidation rate and its effect on the oxidation rates of other aldehydes are already known. According to McDonough,l the oxidation rate of salicylic aldehyde in both darkness and light is zero as compared with the maximum rate of 2.60 cc. per minute in the dark and 8.20 cc. per minute in the light for n-heptaldehyde. The addition of 0.5 cc. of salicylic aldehyde to 3.5 cc. of heptyl aldehyde reduces the maximum oxidation rate of the latter from 8.20 cc. per minute to 0.11 cc. per minute.
The present investigation was undertaken for two reasons: first, to determine the physiological effect of salicylic aldehyde (a power-ful anti-oxidant) on the constitutional states which may be involved in cancer susceptibility and cancer resistance; second, to ascertain the physiological effect of the drug on mice in order to investigate later its possible effect on spontaneous cancer of the mammary gland in mice when used alone or in combination with heptyl aldehyde and other chemical agents.
Materials and Methods
Male mice of fourteen distinct genetic strains ( C12I, C, CBAN, N, JK, NH, F, C67, I, and L) A, C3H, CBA, CHI, were placed in reserve on a Nurishmix diet. Each mouse was injected subcutaneously with 0.008 cc. of salicylic aldehyde mixed with 0.072 cc. of Laco Brand olive-oil. This dilution was made in order that such small quantities of the active agent could be measured more accurately with a 1 cc. hypodermic syringe. All injections were given between 8 and 9 o'clock in the morning. The mice were kept singly in regulation wooden mouse boxes under the standard conditions of an air-conditioned laboratory with the temperature between 74 and 760 F., and the humidity between 50 and 60 per cent. The age of each mouse in days and the body weight expressed in grams were ascertained. All mice were watched carefully for symptoms and the time of cessation of breathing was recorded.
All mice that survived the first treatment were injected on the following day with the same dose of the salicylic aldehyde-olive-oil mixture. This procedure was followed for six days, after which time the survivors were placed in reserve for 28 days. They were again subjected to a second (and a third, etc.) sequence of 6 daily injections provided they lived sufficiently long.
Since the analysis of the data obtained with mice of the 14 strains is too complex for a single paper, it is proposed to discuss here only the data obtained with the mice of the C3H, A, and JK 100 PERCEI!ITAGE strains.
These given tedata on the total number of mice, irrespective of age, used in this investigation. In Charts 4, 5, and 6 are given the data when the mice are separated according to age. Chart 4 includes all mice less than 100 days of age; Chart 5 all mice between 101 and 200 days; and Chart 6, all mice between 201 and 300 days old.
Thus, it is clear that as the C3H and A mice approach the age at which spontaneous carcinoma of the mammary gland is occurring in the breeding female mice of these strains, there is a gradual age (of the total that die by a single injection) is plotted along the vertical line. The data on the JK mice are given on the short-dash line; comparable data on the A mice are given on the solid line; and the data on the C3H mice are given on the long-dash line.
Thus, it is obvious that the strains of mice can be classified according to tolerance to salicylic aldehyde-olive-oil in the sequence JK, A, and C3H, the JK being very tolerant, the A less so, and the C3H even less tolerant than either the JK or A. For example, all mice of the JK strain which we'igh 21 grams or more, survive a single injection of 0.08 cc. of the salicylic aldehyde-olive-oil mixture. It may be seen 'that the maximum tolerance to the salicylic aldehyde-olive-oil mixture is reached between 101 and 200 days of life. From this point on, with advancing age, there is a gradual loss of tolerance to this anti-oxidant. These are the data referred to previously upon which is based the concept that tolerance to the salicylic aldehyde-olive-oil mixture is the resultant of age as well as of body weight.
General Discussion
The present investigation has opened up more suggestions for further work than it has finished. The concrete facts are well established. Male mice of three distinct strains (C3H, A, and JK) are significantly different in their tolerance to the anti-oxidant salicylic aldehyde. Upon this basis, the strains can be placed in the same sequence as they can be for shifts of hemoglobin per unit of time and for susceptibility of the breeding females to spontaneous carcinomata of the mammary gland. Within a given strain, tolerance to the drug is dependent upon body weight and age. It is clear that the maximum degree of tolerance to salicylic aldehyde is reached when the hemoglobin level is at the highest (between 101 and 200 days of life in A mice) and that then tolerance gradually diminishes through advancing age, or at the same time that susceptibility to carcinoma of the mammary gland is being attained in the breeding females of the same strain. This decreased tolerance to the drug is evident even when the body weights of the individuals (due primarily to fat deposits) are gradually increasing.
Some of the problems left unanswered are: (1) why do the male mice of the different strains vary in their tolerance to the same drug, (2) why does this tolerance parallel the phenomenon of shifts of hemoglobin and a correlative susceptibility to spontaneous carcinoma of the mammary gland in breeding females of the same strains?
The suggestion is derived, from the present investigation, that the male individual possesses part, at least, of the mechanism or mechanisms involved in the origin of carcinoma of the mammary gland in the female mouse of that strain. It also suggests that perhaps the oxidation-reduction phenomena within the body are part of the susceptibility-to-carcinoma mechanism. There is a possibility, however, that the tolerance to salicylic aldehyde may be measuring some other characteristic of the toxic effect of the drug other than its action on the oxidation-reduction systems of the body. If this concept be valid, however, this would partly explain why a male mouse, when its mammary rudimnent has been somewhat stimulated by the female sex hormone, will then be subjected to the vicissitudes of the female and give rise to carcinoma of its estrogenstimulated mammary tissue.
The present problem suggests the following: that in the mechanism involved in the origin of spontaneous tumors of the mouse two sets of phenomena are probably involved. (1) A systemic or constitutional complex involving the oxidation-reduction systems of the body which determines possible cancer or no cancer, and (2) a specific complex which controls the origin of specific types of cancer. This concept of cancer susceptibility seems to be acceptable in the attempt to correlate the phenomena of genetic susceptibility and the physiological changes involved leading to the neoplastic state.
The present phenomenon of tolerance to the anti-oxidant salicylic aldehyde fulfills the requirement that the mechanism of cancer must have executed an influence over a considerable period of time. It lacks, as does the hemoglobin concept, the degree of specificity that seems to be required to explain the origin of specific types of tumor. Perhaps this criticism may be partly met by further investigation. Conclusions 1. The tolerance to the anti-oxidant salicylic aldehyde (diluted with olive-oil) is determined, in part, by body weight, age, and "genetic constitution" of the individual.
2. The tolerance of A male mice reaches the maximum value at that age when the hemoglobin level is highest, i.e., between 101 and 200 days of life. Following that period tolerance decreases.
3. The C3H, A, and JK strains of mice can be classified in the same sequence according to (a) tolerance of the males to salicylic aldehyde, (b) shifts of hemoglobin per unit of time, and (c) the tendency for breeder female mice to give rise to, or not to give rise to, spontaneous tumors of the mammary gland. 4 . The male mouse is probably endowed with part of the physiological mechanism or mechanisms which, in breeder female mice, lead to spontaneous carcinomas of the mammary gland. 5 . The oxidation-reduction phenomena of the body may be involved in the mechanism that determines, in part, susceptibility or resistance to spontaneous carcinomas of the mammary gland.
6. By such a conception a consistent interpretation of genetic susceptibility and the physiological states leading up to the neoplastic condition may eventually be worked out.
